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Asthma is the most common chronic disease in childhood. It not only infl uences growth and disrupts schooling but also can lead to mortality and long-term health-care costs. 1 Th e impact of childhood asthma is tremendous and multifaceted. Th us, eff orts to determine and eliminate modifi able causes are important.
Various environmental stimuli, including dust mites, animal dander, viruses, tobacco smoke, and air pollutants, have been reported as related to asthma. 1 However, the relationship between fungi and asthma has been inconclusive. Evidence that points to fungi as causal agents includes the higher number of airway symptoms (eg, coughing, phlegm, wheezing, sore throat, and runny nose) in children who live in damp and moldy dwellings 2 and the association of visible house molds with current asthma. [3] [4] [5] [6] [7] Moreover, environmental remedies for molds have been proven eff ective in reducing asthmatic symptoms. 8, 9 Because of the ubiquitous distribution of molds, it is important to identify and characterize their health eff ects before any remediation can be applied.
However, information regarding the fungal species responsible for the development and attack of asthma remains inconsistent. 10 , 11 Simoni et al 12 have reported that children exposed to higher levels of molds are at increased risk of persistent cough. In addition, Aspergillus and Penicillium DNA have been positively correlated with wheezing. 12 Although another study investigating caregivers also disclosed similar results regarding Aspergillus , 13 other investigations have failed to demonstrate signifi cant correlation between fungi and asthmatic symptoms. [14] [15] [16] [17] [18] [19] Th is inconsistency may be partly due to biases in estimating the extent of environmental molds. For example, a simple questionnaire based on subjective observation alone may provide insufficient information, 13 whereas a culture-based assessment may miss fungi that do not grow on general culture media (ie, basidiospores). 10, 20 Moreover, limited patient numbers in these surveys may also contribute to the incongruent results.
In the United States, dampness and visible molds in campuses have become an important public health issue for children. 21 However, fungi-related studies in schools are scarce. Th e Massachusetts Department of Public Health has reported a signifi cant association between asthma prevalence and school mold conditions. 22 Other studies have also found positive correlations between excessive moisture/mold growth and the prevalence of asthmatic symptoms among school children. [23] [24] [25] Th ese findings are mostly from self-report questionnaire surveys, and such environmental fungal assessments may lead to biased estimation. Furthermore, it is impossible to identify the actual causal species with such a study design.
To elucidate the actual correlation between fungal spores in classrooms and childhood asthma, this nationwide school survey was conducted in Taiwan. Elementary and junior high school students (N 5 6,346) were enrolled. Numbers of fungal spores in 264 classrooms were collected from 44 schools across the country. Environmental fungal assessment was done by on-site air sampling and direct microscopic inspection to ensure better objective measurements of mold exposure.
Materials and Methods

Design and Study Population
Between April and May 2011, a nationwide cross-sectional survey was conducted in 44 schools in Taiwan. A modifi ed Chinese version of the International Study of Asthma and Allergies in Childhood questionnaire was used for asthma assessment. One middle school and one elementary school were selected randomly from each administrative district for further study ( Fig 1 ) . Youngsters from the randomly selected one class per grade (elementary school level) and three classes from grades seven and eight (junior high school level) were the target population. Th e institutional review board of National Taiwan University Medical Center approved the study (reference number 201002051R), and the participants' parents provided informed consent.
Health Outcomes
Physician-diagnosed asthma was defined by caregivers' reports ("Has your index child ever been diagnosed asthmatic by a physician in her/his lifetime?") and from four questions investigat ing current asthma symptoms ("Has your index child ever had wheeze or whistling in the chest in the last 12 months?", "In the last 12 months, has your index child's chest sounded wheezy dur ing or after exercise?", "In the last 12 months, has your index child had a dry cough at night, apart from a cough associated with a cold or chest infection?", and "In the last 12 months, has wheezing ever been severe enough to limit your index child's speech to only one or two words at a time between breaths?").
Current asthma was defi ned as "yes" answers for questions on physician-diagnosed asthma and current asthmatic symptoms. "Holiday improv ing" was assessed by the question "Have your index child's current asthmatic symptoms improved during holi day or weekend?" Asthma with symptoms reduced on holidays or weekends (ASROH) was defi ned as a "yes" answer to "holiday improving" among children with "current asthma. "
Exposure Assessment
Fungal-spore sampling was conducted for 40 min continuously during class in the morning using the Burkard Personal Air Sampler (Burkard Manufacturing Co Ltd). Th e sampler was placed in the center of each classroom and at the height of children's respiratory zone. Fungal spores were identifi ed via glycerin-jelly stain and microscopy. Th e concentration of fungal spores was calculated using a microscopically counted
Results
In the 44 selected schools, 7,154 children were assessed, and 6,346 children (88.7%; 3,028 boys and 3,318 girls) and their parents completed the survey. Th e response rates among schools varied from 86% to 93%. Th ere were 808 who were excluded from the fi nal analysis because they refused to participate in the study, had incomplete signature on informed consents, or had missing values on key questions.
Based on the demographic characteristics of the 6,346 participants ( Table 1 ) , the prevalences of physician-diagnosed asthma, current asthma, and ASROH were 11.7%, 7.47%, and 3.09%, respectively. In terms of the individual prevalence of asthma in the 44 schools ( Fig 2A ) , younger subjects, male sex, parental atopy, and visible mold at home were associated with lifetime prevalence of physician-diagnosed asthma ( Table 1 ) . Maternal smoking during pregnancy was associated with increased risk of current asthma.
Twenty-three morphologically identifi able fungal spores were counted and recorded in this investigation ( Table 2 ) . Th e spore concentration was distributed with great regional variety ( Fig 2B ) . Cladosporium accounted for the major proportion of total fungal spores, followed by ascospores and basidiospore ( Fig 2C ) . Only fi ve fungal taxa were detectable in more than one-half of total classrooms. In the 264 classrooms, 18 (6.8%) have visible mold on walls. Th e spore concentration of Aspergillus/Penicillium and basidiospores was higher in classrooms with visible mold on walls ( e- Table 1 ). None of the classrooms had animals, because they were not allowed in elementary and mid dle schools.
In the hierarchical logistic regression using the single fungal spore model, current asthma was associated with concentrations of ascospores, Aspergillus/Penicillium , and basidiospores in each classroom ( Table 3 ) , whereas ASROH was signifi cantly related to concentrations of ascospores, Aspergillus/Penicillium , and basidiospores, and total fungal spores. Lifetime prevalence of physiciandiagnosed asthma was not associated with any fungal spores (data not shown). In two fungal spore models, ascospores, Aspergillus/Penicillium , and basidiospores were included in the model for mutual adjustments, but only basidiospores and Aspergillus/Penicillium remained consistently associated with current asthma and ASROH.
Discussion
Th e present study has several important fi ndings. First, similar to global trends, 26 the prevalence of childhood asthma in Taiwan has increased dramatically (6% in a previous survey and 11% in current study) in the past 10 years. 27 Second, Aspergillus/Penicillium and basidiospores are signifi cantly associated with childhood current asthma and ASROH. To our knowledge, we are the fi rst to demonstrate classroom basidiospores as an asthmainducing factor. Th ese associations are observed even number divided by the corresponding sampling volume in air and reported as spore number per cubic meter. Condition of visible mold on walls in classrooms was recorded while sampling.
Statistical Analysis
Logistic regression was used to examine the association between individual variables and health outcomes. Statistical analysis was done using the JMP soft ware, version 5.0 (SAS Institute Inc).
To investigate the relationship between fungal spores and asthma/asthmatic symptoms, a three-level hierarchical logistic regression model was used. Statistical analysis was run by the commercial statistic software HLM 7 (Scientifi c Soft ware International, Inc). Th e model evaluated variations among children (level 1), among classrooms (level 2), and among schools (level 3). Results were expressed as OR of interested outcomes for each fungal spore, which was obtained through the exponentiation of the slope coeffi cient.
[ 1 4 6 # 1 C H E S T J U LY 2 0 1 4 ] Numbers of subjects do not add up to total because of missing data. when Aspergillus/Penicillium spores are at much lower concentrations compared with previous reports. Last, the stronger correlation between these fungal spores and "holiday improving asthma" (but not persistent asthma) may support the hypothesis that fungal spores in classrooms may be important risk factors for childhood asthma.
Methods for evaluating environmental mold have evolved in the past decades. Although fungal culture and molecular biology-based methods have been widely used in environmental surveys before, more recent reviews favor air sampling and direct spore counting (spores/m 3 ) for fungal assessments in health eff ect studies. 10 Limitations with traditional methods have led to such recommendations. For example, fungal culture has its strength in the ability to provide spore quantification and identify fungal species. 10 Nevertheless, this method may miss environmental nonviable spores, which are also allergenic, 28 and certain molds like basidiomycetes, which hardly grow with routine culture medium. 20 Another popular method is the measurement of fungal biomarkers, such as ergosterol or glucan. Th is method provides an alternative for fungal biomass assessments but fails to provide information regarding individual molds. 29, 30 Nucleotide assays assess specifi c fungal DNA and detect both viable and nonviable molds. However, it is diffi cult to simultaneously cover a wide range of fungal species using this method. 12, 14 Th e current study applies the Burkard fungal spore trap with light microscopy examination to count spore concentrations of morphologically identifi able molds. Th is method is advantageous for its ability to assess both viable and nonviable fungal spores with a diverse spectrum of fungal species. However, its major limitation lies in its inability to diff erentiate between fungal species whose spores are morphologically alike, such as spores of Aspergillus species and Penicillium species. 31 Comparing all available methods today, air fungal sampling with microscopic examination remains the most suitable and feasible fungal assessment. Hence, this is used in the current survey.
Aspergillus and Penicillium can grow on a variety of indoor organic substrates. As such, they are important indoor fungi, especially in damp dwellings. [32] [33] [34] Human allergenicity to Aspergillus/Penicillium spores has been documented in previous research. 33 Along with the observation that children have higher prevalence of fungus-related asthma, 10 it may be hypothesized that children are more vulnerable to molds and that they are prone to fungus-related asthma. However, further studies are warranted to confirm this hypothesis.
Another noteworthy mold in this study is the basidiomycete. Basidiomycete is a subdivision of fungus characterized by their specialized meiotic process and basidium formation. Th ere are now approximately 20,000 to 25,000 species of basidiomycetes identifi ed worldwide, most of which come from mushrooms, puffb alls, or bracket fungi, 20 and, thus, they are abundant in outdoor air. 43 Although outdoor trees may be the origin for classroom basidiospores, indoor sources could not be totally excluded. Studies regarding the indoor origin of basidiospores are scarce, but wooden furniture with fungal destruction may be a substantial source. 43 Most Taiwan schools use wooden desks, chairs, and cabinets in the classrooms. Th is may help explain the source for basidiospores in the present study. Further studies to confi rm the source for classroom basidiospores are warranted.
Allergenicity of basidiospores has been reported. 20 For those allergic to basidiomycetes, spore exposure may provoke both immediate and delayed airway responses. 44 Studies from New Orleans 45 and New Zealand 46 reveal a positive correlation between outdoor basidiospore Figure The detection rate of specifi c fungal spores was calculated by dividing the number of classrooms with microscopically identifi able spores by the number of all sampling sites (here, 264). IQR 5 interquartile range. a Concentration of microscopically undetected fungal spores was estimated using 0.5 spore (one-half of detection limit) divided by its corresponding sampling volume of air. level and asthma admissions. Although studies showing direct relationship between indoor basidiospores and asthma have been relatively lacking, eff ects of these spores on asthma are considered biologically plausible.
-Distribution of asthma status and fungal spore concentrations in the 44 schools in 2011. A, Prevalence of ever having physician-diagnosed asthma, current asthma, and asthma with symptoms reduced on holidays. B, Levels of total fungal spores in classroom and their school means. C, Mean school levels of common fungal spores (detectable in . 50% of classrooms). Th e number aft er the city name denotes the school level
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To our knowledge, the present study is one of the fi rst to demonstrate a correlation between classroom basidiomycetes and childhood asthma. Th e mean spore concentration of basidiospores in this study is 632 spores/m 3 (geometric mean, 318 spores/m 3 ; mini mum, 0; maximum, 3,234). In contrast, school surveys in the United States using a similar sampling method reveal much lower basidiospore concentrations (38 spores/m 3 in Santa Fe and 246 spores/m 3 in Kansas City). 47 Since Taiwan is located in the tropical/subtropical area, the oceanic climate is likewise the cause for the high basidiospore concentration uncovered in this survey. Th e results from this pres ent study indicate that basidiospores may be an important cause of asthma in areas with high humidity and temperature.
In addition to triggering allergic reactions, mold could induce nonallergic response or toxic eff ect on the respiratory system. 10 Th e aerodynamic diameter of Aspergillus/Penicillium spores ranged from 2 to 3 m m, 10 and those of many basidiospores are , 10 m m, 10 rendering these spores inhalable and with the potential of inducing nonallergic airway response. Macrophages engulf inhaled spores and release proinfl ammatory cytokines, such as IL-8, which further recruit neutrophils and increase nonallergic airway infl ammation . 10 Furthermore, mycotoxins attached to airborne fungal spores or fragments might induce respiratory toxicity. 48 Afl atoxins and ochratoxin produced by Aspergillus and Penicillium could be detected in indoor environments. 49 Ochratoxin has been reported to induce respiratory irritation in humans and pulmonary edema in rabbits. 50 Further research is needed to clarify the nonallergic eff ect of fungal spores and the role of attached mycotoxins in patients with asthma.
Outdoor spores penetrate into buildings readily. 10 Fungal spores in this study should have been mainly contributed by outdoor sources, because all schools in this study had windows opened during the assessments, which had been a common practice in most, if not all, of the elementary and middle schools in Taiwan. In addition, schoolchildren in this study spend 80% of their time indoors. Even if the outdoor fungal counts were larger or smaller than those indoors, the misclassifi cation eff ects should have been relatively small. 52 Th ese fi ndings were of the same order ranges as observed levels of fungal spores in classrooms in this study.
To strengthen the causal inference in this study, the concept of "symptomatic relief away from exposure," a concept frequently used to confer work-related asthma in occupational medicine, 53 has been adopted. Th e question "Have your index child's current asthmatic symptoms improved during holiday or weekend?" was added to the questionnaire. In the fi nal analysis, 41% of those with current asthma report relief of symptoms during the weekends, suggesting the potential role of schools as the source of allergens.
Th is study has several strengths. First, to our knowledge, this is one of the few nationwide surveys that investigated the correlation between airborne fungal spores and childhood asthma. Second, related studies carried out in school settings are scarce. Th us, this study may serve as a pilot investigation. Last, the fungal assessment method used in this survey provides the possibility of assessing both culturable and nonculturable fungi. Hence, the results here may be more reliable than those that used the traditional culture method.
However, this study also has several limitations. First, although moldy conditions at home could be an important factor for asthma, 54 mold counts at home were not directly measured because of the large number of subjects surveyed in this study. However, we believe it to be unlikely to change our conclusion. Our main fi ndings are positive relation between current asthma (especially ASROH) and fungal spore counts of Aspergillus/Penicillium and basidiospores. Among those with home spore levels similar to or higher than those in the schools, such eff ects would not have been observed, thus, reducing the observed eff ects toward null. In addition, a previous study has found that households with visible mold on walls had higher indoor spore counts. 55 Self-reported visible mold on walls at home was adjusted in the regression models in this study. Th us, eff ects caused by unmeasured spore levels at home were adjusted. Second, because fungal sensitization was not assessed by skin prick or serologic tests, we were unable to determine whether the observed eff ects were due to allergic or nonallergic mechanisms. Although previous reports showed low prevalence of fungal sensitization in Taiwanese schoolchildren, 56, 57 inappropriate fungal matrix used in current commercial kits had been considered as a potential problem for the low detection rates. 33 Th e fi ndings from this current study underline the importance of develop ing measurements of immunologic markers more specifi c for regional fungal allergens, which would allow for more sensitive detection of atopic reaction to fungal allergens. Th ird, ambient levels of pollen were not measured in this study; thus, potential confounding eff ects of pollen on the observed fungal eff ect on asthma could not be totally ruled out. However, according to a large survey on Taiwanese children with allergy, the prevalence of pollen sensitization was very low, ranging from 1% to 2%, 56 mainly due to grasses. 58 Th e peak seasons of grass pollens are summer and autumn, 59 ,60 diff erent from those of fungal spores (winter and spring). 61 Th erefore, although the confounding eff ects of pollens could not be completely ruled out, they should be minimal. Fourth, our fungal measurements cannot distinguish Aspergillus from Penicillium , since their spores look almost identical under light microscopy. Because the two fungal species share common indoor substrates, this will not aff ect the strategy for fungal remediation in classrooms. However, previous study showed Aspergillus as a common mold in outdoor air, and only 6.8% of classrooms had visible mold on walls in this current study. Methods to control outdoor spore penetration (ie, closing windows during times of high outdoor spore levels) may have to be considered as well. Further study is needed to differentiate the effects between Aspergillus and Penicillium . Fifth, because of feasibility and budget concerns, the asthma defined in this study is self-reported asthma, without further confirmation tests. To resolve such a problem, a validated questionnaire is used, as well as "physician-diagnosed asthma" with information adopted from parents. This minimizes the possibility of diagnosis misclassification.
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In conclusion, classroom Aspergillus/Penicillium and basidiospores are signifi cantly correlated with childhood asthma. Th e eff ect level for Aspergillus/Penicillium to be associated with asthma has been lower than previously reported. Th e actual causal relationship between the two warrants further confi rmation. Th e current fi ndings may provide information for future meticulous evaluation and development of preventive strategy for asthma.
